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INTRODUCTION
It is undisputed that the advent of cardiopulmonary bypass (CPB) favors the development of cardiac surgery. Despite the continuous evolution, it is undeniable that the CPB has harm potential as a result of pathophysiological processes that are inherent and can result in tissue damage and organ dysfunction [1] . Moreover, there is considerable risk of cerebrovascular accidents (CVA) in cardiovascular surgeries, partly resulting from events related to CPB [2, 3] .
Vasilii Kolesov [4, 5] has been considered one of the pioneers of coronary artery bypass grafting and published in 1967 their clinical series using the internal thoracic artery anastomosed to the coronary arteries without use of CPB [6] . However, his option for OPCAB was not due to lack of apparatus for its performance, but by recognizing its deleterious effects [7] , especially in the early stage of clinical use. In one of his articles he had written: "Although cardiopulmonary bypass is safe and reliable ..., the overall inflammatory response after cardiopulmonary bypass is too intense to justify its use for CABG" [4] .
Although the use of CPB for performing the CABG has gained popularity, driven by the improvement of CPB devices and the publication of the excellent results of revascularization with its use [8, 9] , some surgeons continued to defend that revascularization surgery could offer even better results without the use of CPB, decreasing the morbidity and mortality associated with CPB [10] [11] [12] .
As the interest in the use of revascularization without CPB was gradually increasing, especially meeting the challenges posed by the progressive evolution of percutaneous procedures, several issues have emerged: a) Is the CABG without the use of CPB safe? b) Does it really reduce hospital morbidity and mortality? c) Are the results comparable to those of surgery with CPB, especially with regard to security, survival and quality of grafts? d) Is it possible to perform the full revascularization using the method?
e) It the method reproducible?
Thus, the search for answers to these questions led to the development of several studies, progressively building the body of evidence. It is necessary for surgeons to critically 
Hospital morbidity and mortality
The first investigations were retrospective analyzes, especially for large databases, and small observational studies. Most of these studies showed that OPCAB decreased hospital morbidity and mortality [13] [14] [15] or had mortality and morbidity similar to CABG with CPB [16] . Thus, the results of prospective clinical trials with random allocation (PCT) began to appear, initially with small samples and low-risk patients. One of the first of these studies was of Gerola et al. [17] , which showed that although the hospital mortality in patients undergoing surgery without CPB was lower than that observed in patients undergoing surgery with CPB, the difference was not significant, as well as the differences observed in the incidence of postoperative complications.
In 2009, the results of the first PCT with extensive sampling performed by the research group of Veteran Affairs, North America, the ROOBY Study Group [18] , were published. In this study, 2023 patients were randomly assigned to undergo CABG with or without CPB. The results showed that OPCAB provided similar results to surgery with CPB with respect to hospital mortality.
In 2012, the results with 30 days of ECP performed by CORONARY group [19] , a multicenter, multinational study that enrolled more than 4,700 patients have been published. This study showed that despite the hospital mortality is similar between surgery with and without CPB, OPCAB significantly reduced the need for transfusion and reoperation for bleeding, in addition to the incidence of acute renal failure and respiratory complications.
Even with regard to hospital mortality, results of recent meta-analyzes [20, 21] have shown that apparently the general population of coronary mortality in patients operated with and without cardiopulmonary is similar.
Stroke
The incidence of stroke after cardiac surgery ranges from 3% to 9%, and its effect on postoperative morbidity is significant and can increase mortality from 4% to 19% [3] . Three different mechanisms can cause perioperative stroke: cerebral perfusion deficit, embolic events, and the inflammatory response, which in turn can also magnify the effects of other mechanisms [2] . Thus, as part of the stroke is closely connected to the CPB, it seems logical that its exclusion may decrease the incidence of perioperative stroke.
Recent meta-analyzes that included several PCT [20] [21] [22] [23] and analysis of databases [24] shows that OPCAB is associated with lower risk of stroke. But in the last two large prospective trials, ROOBY [18] and the CORONARY groups [19] , the incidence of stroke were similar in both surgeries, both in the first month as after one year [25] .
The greater statistical power of the meta-analyzes to detect differences may explain this discrepancy in the results, although the meta-analysis may be influenced by selection bias in clinical trials. In recent meta-analysis filtered by the COCHRANE [26] it was observed a lower risk of stroke in OPCAB when considering all selected studies, but when the analysis was restricted to studies with low risk of bias, the difference was not significant. Also, different rules and protocols for the detection of postoperative stroke may also explain the differences between studies.
Moreover, probably the most strokes that occur in coronary artery bypass operations are not directly related to the CPB, but the manipulation of atherosclerotic aorta, especially its clamping. Thus, in off-pump surgeries the manipulation of the ascending aorta for confection of proximal anastomoses is certainly one of the predominant causes of embolic stroke. Thus, some argue that on-pump CABG surgery, but without aortic clamping and/or performing proximal anastomoses of vascular grafts, with the heart beating and/or under fibrillation, may result in a decrease in the incidence of stroke. We should know that the cannulation of the aorta and the femoral vessels and the turbulent flow caused by arterial cannulas may also result in embolization of atherosclerotic material.
Survival
Although many studies show that early mortality of OPCAB is comparable to that obtained with the use of CPB, but lower in some aspects, the results related to medium and long term are controversial.
By assessing the follow-up between six and eight years of 401 patients who participated in two PCT (BHACAS I and II) Angeli et al. [27] observed that survival free of cardiac events, including death, was similar to surgeries with and without CPB. A similar result was observed in the MASS III [28] study after five years of follow-up. Puskas et al. [29] observed a trend toward greater survival in patients undergoing surgery without CPB which reached significance in the fifth year of follow-up, but no significant difference in the seventh year.
Studies of ROOBY and CORONARY groups provided divergent results. In the ROOBY [18] study group, after one year of follow-up the authors observed significantly higher incidence of composite outcomes, including mortality from cardiac causes in patients undergoing surgery with CPB, although when we considered all-cause mortality the difference was not significant. The results with one year follow-up from the CORONARY study group [25] showed no significant difference between patients undergoing surgery with and without CPB in relation to primary compound outcomes, the rate of new coronary revascularization, quality of life or neurocognitive function.
The authors comment that this divergence of results from the ROOBY study is due to important differences between the two studies. The CORONARY study recruited more than twice as many patients in general with more comorbidities, and only allowed the participation of surgeons with experience in OPCAB, which resulted in lower conversion rate (7.9% vs. 12.4%) and need for further revascularization at 30 days and 1 year (0.6 % vs. 3.5%). Meta-analyzes and systematic reviews of recently published prospective studies [26, 30, 31] show a higher risk of late mortality for patients undergoing surgery without CPB. It is speculated that this trend may be due to an increased probability of incomplete revascularization in offpump CABG.
Complete revascularization
Given the potential prognostic implications of incomplete myocardial revascularization [32, 33] , this has been an important concern in studies comparing CABG with and without CPB, but whose results have also shown contradictory. Several authors have observed that the number of distal anastomoses is significantly lower and/or higher occlusion rate of grafts in patients undergoing OPCAB [18, 22, 26, 28, [34] [35] [36] , others found no significant differences in the evolution of grafts [25, [37] [38] [39] [40] or quality of the anastomosis [41] .
Currently, it is considered that the "index of complete revascularization" (number of grafts divided by the number of grafts needed) is more important than the absolute number of distal anastomoses. Magee et al. [42] assessing the surgical and angiographic data prospectively collected from 945 patients included in a database noted that although the number of grafts in off-pump CABG was lower, the rate of complete revascularization was generally similar between patients undergoing surgery with and without CPB. However, we found that surgeons who performed OPCAB in less than 25% of patients had complete revascularization rate significantly lower.
On-and off-pump CABG surgery in high-risk patients
Considering that the ability to reduce the risk of occurrence of a specific outcome provided by a given treatment may keep constant, when treatment is employed in population with higher risk of this outcome, so the outcome has a higher incidence in this group, the lower the required number of patients to demonstrate that the benefit of treatment [43] .
Thus, investigations in order to compare the results of revascularization with and without cardiopulmonary bypass in high-risk groups has emerged, although there are still few ECP and usually with relatively small samples. Two recent PCT [44, 45] , in which the operation with or without cardiopulmonary bypass were compared in patients aged over 75 years showed no significant difference in hospital mortality and survival at 6 months and 1 year.
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Cavallaro et al. [23] , when assessing the results of over 80,000 revascularization with and without cardiopulmonary bypass in a group of patients considered of high risk ( ≥ 85 years, COPD, renal failure, peripheral artery disease and aortic atherosclerosis), observed that the only event with significantly different incidence was stroke, lower in the subgroup of patients aged ≥ 80 years and/or patients with peripheral artery disease or aortic atherosclerosis.
For the patients considered of high risk by EuroSCORE (score>5), Moller et al. [46] found no significant difference in the incidence of major cardiac events, but noted a higher allcause mortality after three years in the off-pump group. Lemma et al. [47] in a multicenter PCT (on-off study) reported a lower incidence of composite primary outcomes, including hospital mortality in patients operated without CPB, although the difference in the incidence of each event were not considered individually significant. Marui et al. [24] , when assessing a multicenter registry in Japan (CREDO-Kyoto), observed that in the substrate of high risk patients (EuroSCORE ≥ 6) the OPCAB was associated with lower risk of short-and long-term stroke. However, no survival benefit was observed regardless of the level of preoperative risk.
In patients with left ventricular dysfunction both prospective trials, with [48] and without random allocation [49] and meta-analyzes [35] or retrospective analyzes of large databases with risk adjustments [50] have shown less morbidity in patients operated without CPB, the same occurring in diabetic patients [51, 52] .
Critical analysis of outcomes
Although prospective clinical trials with random allocation are at the top of the hierarchical pyramid to provide evidence, such studies are not free of systematic error (bias) caused by inadequately designed and/or performed projects.
Inadequate sample size, selection bias and/or assignment and/or assessment, co-intervention, follow-up loss, lack of external validation and analysis of compound events should be considered in the critical analysis of the studies, and often explain the divergent results. We must also consider that even properly designed and performed projects may produce results that do not reflect reality, the so-called "random error" or "type I error or a" or whose probability of occurrence is given by "P value" in statistical tests [53] .
Even though it seems counterintuitive when we do not observe significant differences in hospital mortality when it stops using known method that imposes potential damage, such as cardiopulmonary bypass, for example, it should be remembered that the sample size required to observe significant differences in rare events is high. Using the chisquare two-tailed test with correction for continuity (Fisher's exact test) with a "P" value of 0.05 and 80% power to detect a 40% reduction in mortality rate, for example, of 2% to 1.2%, a sample of more than 8,000 patients would be required, and reduction of 3% to 1.8% a sample of 5,400 patients (G* Power 3.1.5 software, Heinrich Heine University Düsseldorf). Thus, this difficulty can be called "Pollyanna effect", or that is, there will always be difficulty in demonstrating the possibility of improvement when everything is doing well.
The meta-analysis, although increasing the statistical power by aggregating samples of various studies, are also not exempt from be biased due to the use of inappropriate methodology for the selection of included trials and/or errors in the statistical analysis. Moreover, although there are sophisticated statistical methods aimed at verifying the absence of random assignment (propensity score) in observational studies, these analyzes still carry residual risk of bias caused by not measured "confounding factors", and may underestimate possible deleterious effects with the treatment [26, 53] .
In a recent filtered systematic review performed by Cochrane Database of Systematic Reviews [26] , the authors warned that from the 86 trials included in the review, only 10 had low risk of bias, 26 studies had a high risk of bias observation ("not blinded") despite being considered properly "randomized", and in the other 50 studies, the risk of allocation bias was undefined or had the risk of high or indefinite observation bias. In this review, which did not include the results of a year from the CORONARY study group [25] , it was found that when compared to surgery with CPB the OPCAB increased the risk of death from any cause, provided a smaller number of distal anastomoses. And although the risk of stroke was lower in the off-pump surgery, when we assessed only the data from the trials with low risk of bias the difference disappeared.
Importantly, not only in medical practice the best evidence should be considered, but the physician has an obligation to assess each particular clinical situation, considering also the values and expectations of the patient, as well as his clinical experience [53] . It should also be alert to the fact that in general the events that compose the "composite outcomes" do not have all the same "value", especially for patients and they should be considered separately. We should consider that although certain treatment may not be beneficial to the general population, it may be in certain subgroups, and the opposite is also possible, and that the potential harm of treatment should also be considered in assessing the risk/ benefit.
CONCLUSION
We can say that, given the available evidence, CABG with CPB remains the standard operation, but that CABG without CPB is feasible with a similar operation with hospital morbidity and mortality similar to on-pump surgery, but with potential to reduce morbidity and mortality in hospital subgroups at higher risk. However, further studies are needed to assess its use in these subgroups, because although OPCAB may provide benefits, it also has the potential to cause harm, like any treatment.
Considering that the trend toward shorter survival with OPCAB observed in some studies may be related to incomplete revascularization and/or higher rates of grafts with unsatisfactory progress, which seems more likely with less experienced surgeons with the technique, it is prudent to consider that OPCAB is not a surgery that should be performed routinely by any cardiac surgeon, but due to its beneficial potential in specific situations, every surgeon should enable himself to perform it through proper training and use of specific available technology.
